Outcomes of refractive surgery by Ali, Omair
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2012
Outcomes of refractive surgery
https://hdl.handle.net/2144/12262
Boston University
BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 
Thesis 
OUTCOMES OF REFRACTIVE SURGERY 
by 
OMAIR All 
B.A. , B.S., Indiana University, 2010 
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Arts 
2012 
First Reader 
APPROVED BY 
Joh ee, MD, MPH 
Assi ant Professor of Ophthalmology 
Boston University School of Medicine 
Second Reader 
Samir Melki , MD, PhD 
Clinical Assistant Professor of Ophthalmology 
Harvard Medical School 
ACKNOWLEDGEMENTS 
To Dr. Melki for providing me with one of the most influential learning 
experiences of my life. 
To Jade, Fay and Louis for equipping me with the skills I needed to function as a 
contributing player at Boston Eye Group. 
To Dr. Lee for agreeing to be my Reader. 
iii 
OUTCOMES OF REFRACTIVE SURGERY 
OMAIR All 
Boston University School of Medicine, 2012 
Major Professor: John Lee, M.D. , M.P.H., Assistant Professor of Ophthalmology 
ABSTRACT 
Procedures to reshape the cornea to correct refractive errors have been a 
longstanding and fast-evolving area of interest for centuries. As recent advances 
in excimer laser technology allow keratorefractive treatments to deliver precise 
treatments with fewer associated risks and compl ications, the popularity of 
modern refractive procedures continues to grow at unprecedented rates. For this 
reason , it is imperative to continue correlating patient characteristics to outcomes 
so that refractive surgeons can more accurately foresee the results of the 
selected procedure. This study examined the outcomes of refractive surgeries at 
a full-scope ·ophthalmology clinic from January 2011 to November 2011 . The 
main objectives of th is study were to determine the differences between the 
outcomes of LASIK vs . LASEK, Custom vs. Traditional treatment plans, myopic 
vs . hyperopic patients and MMC exposure vs. no MMC exposure (LASEK only) . 
More importantly, the data was scrutinized to determine whether or not any of 
these treatments and/or patient characteristics correlated with poor visual 
outcomes or the need for an enhancement. Of the 590 myopic eyes treated with 
Custom LASIK, 90.85% (n=536 eyes) had UDVA of 20/20 or better, 96.10% 
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(n=567 eyes) had UDVA of 20/25 or better and 99.32% (n=586 eyes) had UDVA 
of 20/40 or better. Of the 170 myopic eyes treated with Custom LASEK, 70.59% 
(n=120 eyes) had a UDVA of 20/20 or better, 82.94% (n=141 eyes) had a UDVA 
of 20/25 or better and 96.47% (n=164 eyes) had a UDVA of 20/40 or better. Of 
the 45 hyperopic eyes that were treated with Trad itional LASIK, 44.44% (n=20 
eyes) had postoperative UDVA of 20/20 or better, 62 .22% (n=28 eyes) had 
postoperative UDVA of 20/25 or better and 82.22% (n=37 eyes) had 
postoperative UDVA of 20/40 or better. Of the 536 eyes receiving LASIK, 91.42% 
(n=490 eyes) had an UDVA of 20/20 or better, 96.46% (n=517 eyes) had an 
UDVA of 20/25 or better and 99.44% (n=533 eyes) had an UDVA of 20/40 or 
better. Of the 146 low or moderately myopic eyes receiving Custom LASEK, 
74.65% (n=106 eyes) had an UDVA of 20/20 or better, 86.62% (n=123 eyes) had 
an UDVA of 20/25 or better and 96.48% (n=137 eyes) had an UDVA of 20/40 or 
better. Of the 54 highly myopic eyes treated with Custom LASIK, 85 .1 9% (n=46 
eyes) had an UDVA of 20/20 or better, 92 .59% (n=50 eyes) had an UDVA of 
20/25 or better, and 98.15% (n=53 eyes) had an UDVA of 20/40 or better. Of the 
28 highly myopic eyes treated with Custom LASEK, 53.57% (n=15 eyes) had an 
UDVA of 20/20 or better, 64.29% (n=18 eyes) had an UDVA of 20/25 or better, 
and 96.43% (n=27 eyes) had an UDVA of 20/40 or better. An analysis of these 
data yields significantly greater percentages of myopic (low, moderate and high) 
eyes achieving 20/20 or better after treatment by Custom LASIK versus Custom 
LASEK. The data suggested no correlations between poor visual outcomes 
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and/or the need for an enhancement treatment and intraoperative complications, 
magnitude of ametropia , pupil size, age, treatment type, and treatment plan. All 
of the LASEK patients who underwent an enhancement treatment were exposed 
to MMC during their original procedure. Hyperopic patients displayed significantly 
reduced visual outcomes than comparable myopic treatments. Future studies 
should investigate similar preoperative characteristics and attempt to correlate 
them to results to improve predictability and , thus , visual outcomes. 
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1. INTRODUCTION 
Refractive surgery is an elective procedure aimed at minimizing the 
dependency on visual aids. There are various modalities available to achieve this 
purpose. Procedures that alter the natural status of the cornea for refractive 
purposes are collectively referred to as keratorefractive or photorefractive 
procedures 1 . In general , reduced dependence on glasses and/or contact lenses 
can be solely for convenience, for cosmetic or for occupational purposes. 
Procedures to reshape the cornea to correct refractive errors have been a 
longstanding and fast-evolving area of interest for centuries 1. Hjalmar Schiotz 
was the first person to utilize incisional surgery to correct refractive error in 1885. 
Originally described in the 1930's by Dr. Sato of Japan, radial keratotomy (RK) 
was the next step in incisional surgery aimed at correcting refractive error. Dr. 
Sato noticed he could correct myopia by making radial corneal incisions, 
resulting in a flattened cornea with a clear central optical zone. Then , in 1948, Dr. 
Jose Barraquer of Bogota, Colombia designed a refractive procedure in which he 
removed a portion of the cornea, froze and reshaped it, and then sutured it back 
onto an eye. Barraquer's corneal lamellar surgery with cryolathe reshaping of the 
removed cornea is considered to be the precursor to modern keratomileusis 
procedures. In the 1970's and 1980's, as medical procedures and techniques 
advanced , SlavaFyodorov of Russia took RK another step forward . By making 
equally distanced incisions around the perimeter of the anterior cornea, he noted 
he could correct nearsightedness with far more predictability and with fewer 
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complications than Dr. Sato2 . Then , during the 1980's, a revolutionary instrument 
called the excimer laser took keratorefractive surgery to the next level. 
When argon and fluoride gas are mixed, an unstable bond called an 
excited dimer is formed. The energy released in the form of UV light (193 nm) is 
unique because it has no thermal effects and it does not penetrate the cornea . 
Argon-fluoride excited dimer light, or excimer laser for short, remains to this day 
the prevailing method for refractive surgery. The amount of corneal tissue 
vaporized, or ablated , by each pulse is approximately constant (0.25 microns)2 . 
This ablation precision , coupled with modern advances in computer 
programming, is what allows contemporary "custom" refractive treatment plans. 
In 1995, the Food and Drug Administration (FDA) approved the excimer 
laser as a keratorefractive modality for patients with mild to moderate 
nearsightedness3 . This was followed by approval to correct astigmatism in 1997 
and farsightedness in 2001 3.4. The improved accuracy and quick recovery 
associated with the excimer laser led to a rapid and unprecedented growth in 
vision correction procedures. The yearly number of patients undergoing laser 
vision correction in the USA alone reached 1.2 million people in 20035. As the 
popularity of photorefractive surgery continues to grow, so do the potential 
complications and side effects. 
Background 
The cornea and lens are the main structures of the eye responsible for 
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bending, or refracting light into the eye. Refractive errors occur when light waves 
entering the eye through the cornea are not focused on the plane of the retina . 
Depending on the patient's type of refractive error, or ametropia , correction with 
glasses, contact lenses or refractive surgery aim to adjust the focal point 
optimally on the fovea . Ideal adjustment of light waves on the retina is referred to 
as emmetropia 1. 
There are three main types of refractive errors. Myopia (nearsightedness) 
occurs when the cornea, due to its steepness, bends light waves so they 
converge at a focal point anterior to the retina. Hyperopia (farsightedness) occurs 
when the cornea, due to its flatness , bends light waves so that they strike the 
retina before converging to a single focal point behind it. When the refractive 
error is due to a longer eye, it is referred to as axial myopia. When the refractive 
error is due to a shorter eye, it is referred to as axial hyperopia. Astigmatism 
refers to lateral refractive error, which causes light waves to converge at a line 
instead of a single focal point1. 
Correction of ametropia without astigmatism, i.e. myopia or hyperopia, 
uses only spherical correction. A converging spherical correction corresponds to 
hyperopes and a diverging spherical correction corresponds to myopes. 
Correction of ametropia with astigmatism uses cylindrical correction. The axis of 
the cylindrical correction is used to adjust the location of the focal line to 
correspond to the meridian of the astigmatism 1 . Using an instrument called a 
phoropter, a manifest refraction can be determined for a given , undilated eye. 
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Once an eye is dilated , it loses its ability to accommodate. Accommodation refers 
to the shift in refraction as a result of the force exerted by the ciliary body on the 
lens. A refraction obtained on a dilated eye is referred to as a cycloplegic 
refraction . Since the lens is no longer accommodating, a cycloplegic refraction is 
generally more accurate than a manifest refraction . Although phoropters are 
commonly used to ascertain a prescription for glasses or contacts, these 
measurements can also be used to obtain a baseline prescription to compare 
with figures from other, more complex instruments. Furthermore, since a 
manifest and/or cycloplegic refraction is typically determined at most 
appointments with an ophthalmologist or optometrist, the stability of the patient's 
prescription can be determined by analyzing whether the ametropia is 
progressing or not. 
Laser-assisted in situ keratomilieusis and Advanced Surface Ablation 
The most ·common photorefractive procedures in use today are laser-
assisted in situ keratomilieusis (LASIK) and advanced surface ablation (ASA). In 
both procedures, photorefractive ablation is aimed at the stromal layer of the 
cornea to induce a change in curvature, and , in turn, refraction . 
LASIK is a photorefractive procedure in which ophthalmologists create a 
flap in the cornea with either a mechanical keratome or a laser keratome. The 
depth of the flap is planned according to the central thickness of the patient's 
cornea. Since a hinge is left on a portion of the perimeter of the flap, it can be 
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lifted , exposing the stromal layers of the cornea. Pulses from an excimer laser 
then reshape the exposed cornea according to a predetermined treatment plan. 
Finally, the flap is replaced to heal2·3·5. The most up-to-date technology utilizes 
femtosecond lasers to create the flap and expose the stroma allowing ablation 
with the excimer laser. The femtosecond laser pulses are fired to a very precise 
depth resulting in fewer intraoperative complications5 . 
Advanced Surface Ablation (ASA) refers to a number of procedures aimed 
at removal of the corneal epithelial layer prior to excimer laser ablation. These 
include PRK (Photorefractive keratectomy), LASEK (Laser-Assisted Subepithelial 
Keratomileusis), and Epi-LASIK. Most studies have found the visual outcomes of 
the three techniques to be similar6 . For the purpose of this report, we will use the 
term LASEK, as this is the predominant ASA technique used at Boston Laser. 
LASEK involves first exposing the epithelium to 20% alcohol for about 30-
40 seconds. After sloughing off the corneal epithelial layer, excimer laser ablation 
is then applied on the exposed Bowman's layer. The epithelial cells are replaced 
to heal and covered with a bandage contact lens for a period of time to protect 
the eye. Although studies have shown LASEK achieves similar visual outcomes 
as LASIK, patients report more postoperative pain and more time to achieve 
intended visual outcomes due to the extra time required to regenerate the 
epithelial celllayer6 . 
LASEK patients are at risk for corneal haze (e.g scarring) , which can lead 
to visual abnormalities. Mitomycin C (MMC), an alkylating agent that inhibits DNA 
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and RNA replication and protein synthesis , has been demonstrated to minimize 
postoperative haze following surface ablation . By regulating fibroblast 
proliferation, MMC blocks myofibroblast formation , which has been demonstrated 
to be responsible for corneal haze6·7 . MMC can be applied to the ablated stromal 
surface for a period of time, depending on the depth of the ablation , to prevent 
development of corneal haze7. At Boston Laser, an eye with an ablation of less 
than 70j..Jm is exposed to MMC for 20 seconds only if the patient is in the 20-30 
year old bracket. A cornea receiving 70j..Jm-90j..Jm ablation is exposed to MMC for 
30 seconds, ablations of 91-110 microns are followed by an exposure to MMC for 
40 seconds, ablations of 111-130 microns are followed by an exposure to MMC 
for 50 seconds. A 60 second exposure is used for any ablation beyond 131 j..Jm. 
Complications 
As with any surgery, there are risks and potential adverse outcomes 
associated with laser vision correction procedures. These include, but are not 
limited to: over or undercorrection requiring enhancement or glasses/contact 
lenses, moderate to severe infection , elevated intraocular pressure, halos or 
other visual abnormalities, photosensitivity, partial or total loss of vision , 
keratoconus, corneal ectasia, laser malfunction , postoperative irritation , pain, 
discomfort and/or dryness 1 . Although most of these risks are rare, it is the 
ophthalmologist's responsibility to determine when approving the patient as a 
candidate whether or not he/she is at a higher risk of an adverse outcome. 
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Along with the potential hazards listed above, complications specific to 
LASIK include thin, thick, short or otherwise abnormal flap creation, difficulties 
lifting the flap , postoperative flap dislocation, corneal swelling, and cell migration 
under the flap. As with any scar, the corneal incision leaves the flap more 
vulnerable to dislocation from trauma and injury, especially after the first year1. 
Flap dislocation and cell migration can have visual symptoms; however the 
surgeon can usually "refloat" the flap to flush any remaining cells and to realign 
the flap correctly . 
Complications with LASEK include alcohol spills , and complications 
encountered in removing the corneal epithelium. 
WaveScanWaveFront™ , lntralaseFS™ and STAR S4/R™ Excimer Laser 
Recent technological advances enable the calculation of refractive error 
and other characteristics of the eye with unprecedented precision. Specifically, a 
system designed by Abbott Laboratories lncorporated©(AMO), named WaveScan 
Wavefront™, determines the refractive error according to the specific 
imperfections in a patient's eye quickly and more accurately than alternative 
methods and technologies. Wavefront-guided lasers, as opposed to conventional 
excimer lasers, provide more complex ablation treatments because they are able 
to correct both lower order aberrations and higher order aberrations. Lower order 
aberrations include regular astigmatism and defocus. Higher order aberrations 
consist of an infinite series of complex optical imperfections that were previously 
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not correctable with traditional spherocylindricallenses 1. Using a unique Fourier 
algorithm, which utilizes all of the available Hartmann-Shack data points (240 
points) , the system captures a variety of pertinent wavefront data, enabling the 
physician to administer customized correction plans8·9 . Hartmann-Shack 
reference points calculate the wavefront aberrations in an eye by measuring the 
refractive error due to the tilts and imperfections in the focusing of light rays by 
the cornea and lens from a variety of different points in a specified visual field8 . 
The Fourier algorithm takes all of these data points into account and provides the 
physician with a high-resolution determination of refractive error accord ing to 
pupil shape/size and other complementary data8 . This plan , if it matches the 
manifest refraction and is approved by the surgeon, can be directly uploaded into 
the Custom Vue Star S4 TM excimer laser to calculate, design and apply the 
treatment9 . 
Cutting edge technology allows the administering ophthalmologist to 
create a flap using a femtosecond laser (lntralaseFS™). Compared to a 
mechanical keratome, AMO's lntralaseFS™ has significantly greater accuracy in 
flap depth , flap uniformity while eliminating the risk of cap perforations 10•11 . The 
uniformity of the flaps, reduced risk of complications (corneal abrasion, induced 
ectasia etc.) and improved visual outcomes makes it a safer choice for 
ophthalmologists11 ·12. The flap thickness request is usually 90j..Jm or 100j..Jm, 
depending on the patient's central corneal thickness and topography. After the 
flap is created and lifted, the patient is ready for treatment by the excimer laser. 
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One of the numerous functions of the Wavescan WaveFront™ system is 
to capture patient-specific data, which in turn allows the STAR S4 IR™ Excimer 
Laser to utilize a built-in Iris Registration ™(IR) and ActiveTrak™ system. Iris 
Registration's ™ built-in safety paradigms are meant to optimally align the 
patient's eye using iris landmarks, calculate the necessary ablation types 
according to the corneal topography, maintain alignment during treatment and 
halt the treatment if tracking of the iris is lost. ActiveTrak™ is designed to follow 
ocular movement on the X-, Y-, and Z-axis during the administration of laser 
treatment to further ensure proper alignment. All of the operations in this system 
combine to provide the patient with the most precise and customized treatment, 
while ensuring safety and accuracy according to the specific characteristics of 
their eye's structures 13. Although Boston Laser uses a VISX Excimer laser and 
an lntralase femtosecond laser, it should be kept in mind that every laser 
platform has advantages and disadvantages. 
Evaluation of candidacy 
Before a patient is approved as a prospective candidate for refractive 
procedures, he/she must complete some preliminary testing to provide the 
rendering ophthalmologist with data to eliminate a variety of risk factors. Typical 
prerequisites include, but are not limited to , adequate corneal thickness, 
sufficiently low magnitude of refractive error, stable refractive error, pupil size, 
satisfactory tear film and no other pertinent ocular or systemic disease 1. 
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As refractive procedures necessarily ablate layers of cells, inadequate 
corneal thickness could lead to postoperative complications associated with 
unusually thin corneal tissue 1·14 . Thus, adequate corneal thickness and sufficient 
estimated residual stromal bed thickness are important to the ophthalmologist's 
decision to approve the patient as a candidate for refractive surgery at all and, if 
so, which procedure to recommend -- LASIK or LASEK1. 
The magnitude of the refractive error is relevant as studies have found 
patients with higher refractive errors to be correlated with less successful 
postoperative uncorrected visual acuity (UCVA) 15 . Higher orders of refractive 
error in an eye require more treatment, which necessarily requires more 
ablation 1. For this reason , studies concluded that photorefractive treatment of 
higher magnitudes of refractive error is less safe than treatment of lower 
magnitudes of ametropia2. Distance visual acuity (dVA) is determined by 
measuring each eye's ability to discern high-contrast characters from a specified 
distance independently. Near visual acuity (nVA) is determined by-measuring 
each eye's ability to discern high-contrast characters from a normal reading 
distance in a well-lit scenario independentli. Measuring UCVA and best-
corrected visual acuity (BCVA) describes the improvement in vision measured 
and the optimal acuity possible for each eye 1 . A Snellen chart is typically used as 
the standard for measuring dVA and nVA. In a Snellen measurement, the 
denominator denotes the approximate distance at which an average human eye 
can read the respective characters and the numerator denotes the approximate 
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distance the patient can read the respective characters 16 . 
Stability of refractive error ensures the visual acuity won't continue to 
deteriorate after administration of the photorefractive treatment. The FDA defines 
"stable" as no more than 0.50 D change in one yea~. This is why patients who 
experience significant changes in vision due to normal development or 
progressive visual degenerative disorders are disqualified as candidates 1 . Also 
for this reason, the FDA restricts keratorefractive procedures for patients under 
the age of 182. 
Although the exact mechanism is not fully understood , measurement of 
pupil size is important as studies have shown patients with larger than normal 
pupils (>6.5 mm) report more halo effect and glare around lights at night after 
refractive surgery1·2·17. Thus patients with abnormally large pupils are forewarned 
as extreme cases of glare can hinder the ability to perform normal tasks 
comfortably in the dark with contrasting light. 
Since most patients experience dry eyes at some point post-operatively, it 
is important for ophthalmologists to rule out preoperative clinically significant dry 
eye syndrome or keratitis to prevent comorbiditi ·2·18. The majority of patients are 
recommended to use artificial tears postoperatively for discomfort experienced 
from dryness anyway, however, a preexisting condition may make it difficult to 
control the dryness with the sole use of artificial tears 1 . Other modalities are then 
used to provide comfort and rehabilitate the vision if affected by dryness. 
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Contraindications 
Refractive surgery is an elective procedure that should be avoided in those 
deemed non-candidates. There are a number of characteristics that disallow a 
patient from receiving photorefractive surgery (Figure 1 ). Patients who exhibit 
abnormalities evident on data from corneal topography like irregular astigmatism, 
corneal warpage or abnormalities suggestive of keratoconus should be 
disqualified as refractive outcomes can be unpredictable and unsafe 1. An 
extreme refractive error may also disqualify the patient as a candidate 15. 
Typically, if all other factors are approved, patients with higher magnitudes of 
refractive error can undergo alternative procedures such as refractive lens 
exchange and implantable contact lens 1. Patients with fluctuating vision are also 
deemed unfit since an unstable refraction makes it difficult to determine an 
accurate treatment plan. Vision can fluctuate as a result of medications, 
hormonal changes due to diabetes or pregnancy, and many other factors. Also, 
patients who take medications affecting wound healing are contraindicated for 
photorefractive procedures as post-operative rehabilitation can be disturbed 1·2 . 
Finally, a contraindication not affected by morphology is unrealistic expectations 1 . 
Patients are bound to be unsatisfied with the results of photorefractive surgery if 
their expectations are too high. Thus, communicating realistic expectations to the 
patient is of paramount importance. 
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Reasons for Non-Candidacy at Boston Laser in 2011 
Dry eyes Presbyopia 
Guttata 5% 9% 
4% 
Amblyopia 
4% 
Monocular 
2% 
Connective Tissue 
Disease 
2o/o Rheumatoia Arthritis 
2% 
Blindness 
2% 
Figure 1. Reasons for non-candidacy after initial laser vision evaluation appointment (n=54 
patients). 
Mono vision 
As humans age, it becomes increasingly difficult for the eye to 
accommodate to be able to focus on near objects. This fact is reflected by the 
need for older people to use reading glasses. For this reason, patients above the 
age of 40 who elect to undergo refractive surgery are recommended one eye to 
be corrected for near vision and one eye to be corrected for distance vision, or 
monovision (MV) 1 ·2· 19 . Of course, the patient may elect to correct both eyes for 
distance if he/she acknowledges the likely dependence on reading glasses in the 
future. If the patient does elect to proceed with MV, then the "near eye" will be 
blurry when both eyes are focused at a distant focal point and the "distance eye" 
will be blurry when both eyes are focused at a near focal point. Thus, UCVA in 
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the "near eye" is expected to not have as good dVA as the "distance eye. " On the 
other hand, the nVA is expected to not be as good in the "distance eye" as the 
"near eye"1·20 . 
Specific Aims 
The goal of this report is to review the outcomes and complications of a 
single refractive surgery center over a one-year period. This will help assessing 
correlating factors to improve predictability. As the popularity of the various 
modalities increases, it is imperative to determine what characteristics ensure 
acceptable results and what characteristics are associated with unsatisfactory 
results. By analyzing these correlations, ophthalmologists evaluating patients as 
potential candidates for refractive surgery can more accurately foresee the 
outcomes according to specific preoperative characteristics exhibited by the 
patient. The main objectives of this study were to determine the differences 
between the outcomes of LASIK vs . LASEK, Custom vs . Traditional treatment 
plans, myopic vs. hyperopic patients and MMC exposure vs. no MMC exposure 
(LASEK only) . Participation in preoperative evaluations, refractive procedures 
and postoperative appointments, was fruitful in understanding the typical protocol 
and the manifestations of the various complications. Reports, such as this, give a 
better understanding of the predictability of the outcomes of refractive procedures 
for potential patients and refractive surgeons/technicians. 
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2. MATERIALS AND METHODS 
Due to the retrospective nature of this report, the data required to perform 
statistical analyses was collected from the electronic medical records at Boston 
Laser. In order to determine correlations between the outcomes and the 
preoperative data, specific reports were generated using NextGen ™ Electronic 
Medical Records (EMR) with the relevant patient characteristics. This data was 
then exported to Microsoft Excel™ to better visualize , graph and analyze the 
results according to patient-specific preoperative, intraoperative and 
postoperative characteristics. Charts were used from every patient who received 
refractive surgery at Boston Laser from January 1, 2011 until November 30, 
2011 . Patients who had refractive surgery done in December 2011 were 
excluded from this study because of insufficient postoperative data. Specifically 
the characteristics compiled were name, age, gender, eye (OD or OS), pupil size 
(mm), procedure (LASIK or LASEK) , treatment type (Custom or Traditional) , 
preoperative spherical/cylindrical refraction (diopters) , intraoperative 
complications (per surgeon), postoperative complaints (per patient), final UCVA, 
theoretica l flap request (LASIK only) , actual flap thickness (LASIK only) , 
difference between theoretical and actual flap (LASIK only) , spherical aim 
(monovision only), MMC application (LASEK only), and whether or not an 
enhancement was necessary. With every patient's chart organized in Microsoft 
Excel , data filtering/sorting , statistical analyses and graph generation were 
performed to find correlating factors. Overall results were determined, as well as 
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correlations between adverse outcomes and patient characteristics. 
To gather subjective results beyond the information provided from 
postoperative appointments, surveys were designed to acquire data regarding 
patient satisfaction , expectations and postoperative symptoms. SurveyMonkeyTM 
was used to create the surveys, e-mail them to all of the patients who provided 
an e-mail address, and organize the results for analysis . Surveys were also 
administered by phone to increase the sample size. First divided by age, and 
then by procedure, separate surveys were conducted to better understand the 
postoperative experiences of different age groups. 
Successful outcomes depended on a variety of results. Post-operative 
UCVA of both LASIK and LASEK patients were reported as Snellen visual acuity 
values. Adequate postoperative visits were necessary to ensure ample time to 
rehabilitate. This was important because patients typically report lower visual 
acuities immediately after the procedure and improve slowly over the following 
few weeks. Furthermore, eyes undergoing LASEK require even more time than 
LASIK because of the time required to regenerate epithelial cells. Regardless , 
the physician's aim for most patients is to achieve a dVA of 20/20 or better. 
There are some exceptions, however. First, patients exhibiting pre-operative 
BCVA's less than 20/20 most likely will not be corrected to 20/20 with refractive 
surgery either. There are many reasons for the inability to achieve perfect vision 
with correction , however it is unrealistic for patients to expect better vision with 
refractive surgery than correction with glasses or contact lenses. The second 
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group of exceptions are those patients who received monovision treatment. 
Because these patients are corrected for near vision , UDVA (uncorrected 
distance visual acuity) may be lower in the eye treated for reading . In the eye 
treated for reading , the UNVA (uncorrected near visual acu ity) is typically aimed 
to achieve J1+ (or 20/20 at near).Thus patients who are unable to read J1 + 
preoperatively with correction cannot expect to achieve a better acuity with 
refractive surgery. 
3.RESULTS 
Myopia and Hyperopia- LASIK vs. LASEK 
Legally, patients with UDVA of 20/40 or better can drive without correction. 
As such, results were reported in three echelons: 20/20 or better, 20/25 or better 
and 20/40 or better. Of the 590 myopic eyes treated with Custom LASIK, 90.85% 
(n=536 eyes) had UDVA of 20/20 or better, 96.10% (n=567 eyes) had UDVA of 
20/25 or better and 99.32% (n=586 eyes) had UDVA of 20/40 or better (Figure 
2) . The mean age was 33 years , mean pupil size was 5.7 mm, mean 
preoperative spherical correction (from Wavescan WaveFront™) was -3.20 D, 
and mean preoperative cylindrical correction was -0.80 D. The mean absolute 
value of the difference between the theoretical flap request and the actual flap 
thickness was ±14.461-Jm for 90 1-1m flap requests and ±16.27 1-1m for 100 1-1m flap 
requests. 
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Postoperative UDVA: Custom Myopia LASIK 
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Figure 2. Postoperative UDVA (Snellen) of myopic patients treated with Custom LASIK 
(n=590 eyes). 
Of the 170 myopic eyes treated with Custom LASEK, 70.59% (n=120 
eyes) had a UDVA of 20/20 or better, 82.94% (n=141 eyes) had a UDVA of 20/25 
or better and 96.47% (n=164 eyes) had a UDVA of 20/40 or better (Figure 3) . 
The mean age was 33.4 years, mean pupil size was 5.9 mm, mean preoperative 
spherical correction (from Wavescan WaveFront™) was -3.84 0 and the mean 
preoperative cylindrical correction (from Wavescan WaveFront™) was -0.87 D. 
Of the 121 eyes that were exposed to MMC (66.1% of total) after ablation, 
79.34% (n=96 eyes) had postoperative UDVA of 20/25 or better. Of the 62 eyes 
that were not exposed to MMC after ablation, 85.48% (n=53 eyes) had 
postoperative UDVA of 20/25 or better. Upon further investigation ; the mean 
preoperative spherical correction (from Wavescan WaveFront™) was -2.17 0 for 
patients not exposed to MMC after ablation and -4.76 0 for patients exposed to 
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MMC after ablation. 
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Figure 3. Postoperative UDVA (Snellen) of myopic patients treated with Custom LASEK 
(n=170 eyes). 
Of the 45 hyperopic eyes that were treated with Traditional LASIK, 44.44% 
(n=20 eyes) had postoperative UDVA of 20/20 or better, 62.22% (n=28 eyes) had 
postoperative UDVA of 20/25 or better and 82.22% (n=37 eyes) had 
postoperative UDVA of 20/40 or better (Figure 4). The mean age was 49 years, 
mean pupil size was 5.2 mm, mean preoperative spherical correction (from 
manifest refraction) was +2.42 D, mean preoperative cylindrical correction (from 
manifest refraction) was -1 .26 D and the mean absolute value between the 
theoretical flap request and the actual flap thickness was ±15.22 1-1m for 90 1-1m 
flap requests and ±16.65 1-1m for 100 1-1m flap requests. 
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Figure 4. Postoperative UDVA (Snellen) of hyperopic patients treated with Traditional 
LASIK (n=45 eyes). 
The sample size of hyperopic patients who received CustomfTraditional 
LASEK and Custom LASIK from January 2011 to November 2011 was too small, 
thus , these results were not included . 
Low, Moderate and High Myopia- LASIK vs. LASEK 
According to the magnitude of the preoperative cylindrical manifest 
refraction from Wavescan WaveFront™ , myopic patients were divided into three 
groups: Low (0 to -2.99 D), Moderate (-3.00 to -5.99 D) and High (-6.00 D and 
above). Eyes with a preoperative cylindrical manifest refraction of -3.00 D and 
higher were excluded. 
Of the 678 low or moderately myopic eyes treated, 79.29% (n=536 eyes) 
were treated with Custom LASIK and 20.71% (n=142 eyes) were treated with 
Custom LASEK. Of the 536 eyes receiving LASIK, 91.42% (n=490 eyes) had an 
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UDVA of 20/20 or better, 96.46% (n=517 eyes) had an UDVA of 20/25 or better 
and 99.44% (n=533 eyes) had an UDVA of 20/40 or better (Figure 5). Of the 146 
low or moderately myopic eyes receiving Custom LASEK, 74.65% (n=1 06 eyes) 
had an UDVA of 20/20 or better, 86.62% (n=123 eyes) had an UDVA of 20/25 or 
better and 96.48% (n=137 eyes) had an UDVA of 20/40 or better (Figure 5). 
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Figure 5. Postoperative UDVA (Snellen) of patients with low or moderate myopia treated 
with Custom LASIK (n=536 eyes) vs. Custom LASEK (n=142 eyes). 
Of the 82 myopic eyes with a high magnitude of preoperative spherical 
correction , 54 eyes were treated with Custom LASIK and 28 eyes were treated 
with Custom LASEK. Of the 54 highly myopic eyes treated with Custom LASIK, 
85.19% (n=46 eyes) had an UDVA of 20120 or better, 92.59% (n=50 eyes) had 
an UDVA of 20/25 or better, and 98.15% (n=53 eyes) had an UDVA of 20/40 or 
better (Figure 6) . Of the 28 highly myopic eyes treated with Custom LASEK, 
53.57% (n=15 eyes) had an UDVA of 20/20 or better, 64.29% (n=18 eyes) had 
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an UDVA of 20/25 or better, and 96.43% (n=27 eyes) had an UDVA of 20/40 or 
better (Figure 6). 
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Figure 6. Postoperative UDVA (Snellen) of highly myopic patients treated with Custom 
LASIK (n=54 eyes) vs. Custom LASEK (n=28 eyes). 
Pupil Size 
As many studies have shown visual abnormalities to be correlated with 
pupil size, the mean preoperative pupil sizes were compared between the 
various groups. The total mean was 5.7 mm, the mean pupil size among myopic 
patients treated with LASIK was 5.7 mm, the mean pupil size among myopic 
patients treated with LASEK was 5.8 mm, the mean pupil size among hyperopic 
patients treated with LASIK was 5.2 mm, the mean pupil size among eyes 
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treated with monovision was 5.3 mm, the mean pupil size among all myopic 
patients was 5.8 mm, the mean pupil size among patients reporting complaints 
was 5.6 mm, the mean pupil size among patients reporting halos was 5.7 mm, 
and the mean pupil size among eyes requiring enhancements was 5.6 mm 
(Figure 7). All of the groups were within a standard deviation of the total mean 
(5.7 ±0.22 mm) , except for hyperopic patients and patients who elected to 
receive monovision treatment. Both of these groups also had a significantly 
higher mean age than other comparable groups (44 years and 46 years, 
respectively) . · 
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Figure 7. Mean pupil size distribution among different groups (n=1025 eyes). IK- LASIK; EK- LASEK; 
Mod - Moderate; Myo- Myopia; Pts. - Patients. 
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Intraoperative Complications, Postoperative Complaints and 
Enhancements 
Intra-operative complications, post-operative complaints and the need for 
enhancements were also considered. 
Intra-operative complications refer to any unexpected errors that occur 
either with the flap or with the excimer laser during the photorefractive procedure. 
Post-operative complaints refer to any visual complaints the patient reports after 
ample post-operative recovery. All of the patients who experienced an intra-
operative complication were scrutinized for adverse outcomes in terms of post-
operative UOVA, visual abnormalities and/or the need for enhancements. 
Intraoperative complications consist of flap events and excimer events. 
Flap events refer to complications that occur to the patient's eye. Excimer events 
refer to the complications that arise regarding the laser. Of the eyes treated with 
LASIK, 94% (n=582 eyes) encountered no intraoperative flap events, 2% (n=12 
eyes) had bubbles develop in the anterior chamber, 1% had a flap tear, 1% (n=7 
eyes) had a defect on the epithelial layer of the cornea , 1% (n=7 eyes) had 
vertical bubbles block (VBB) develop peripherally, 1% (n=8 eyes) had an opaque 
bubble layer (OBL) interfering with the ActiveTrak™(Figure 8). None of the 
intraoperative flap events correlated with reduced UCVA or the need for 
enhancement. 
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Intraoperative Flap Events in LASIK at Boston 
Laser in 2011 
Bubbles in AC Epi defect 
VBB Peripheral 2% 1% 
1% 
1% 
Figure 8. Intraoperative flap events in eyes treated with LASIK at Boston Laser in 2011 (n=574 eyes). 
OBL- Opaque Bubble Layer; VBB- Vertical Bubbles Block; AC -Anterior Chamber; Epi - Epithelial. 
Of the eyes treated with LASEK, 79% (152 eyes) had epithelium flap 360 
(epi flap 360) , 13% (24 eyes) had epithelium flap 180 (epi flap 180), 2% (4 eyes) 
had alcohol spills in at least one quadrant of the eye, 1% (2 eyes) had alcohol 
spills in only 2 quadrants of the eye, and 5% (n=9 eyes) had alcohol spills in 
more than 2 quadrants of the eye (Figure 9) . No intraoperative flap events in 
LASEK correlated with reduced UCVA or the need for enhancements. 
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Intraoperative Flap Events in LASEK at Boston 
Laser in 2011 
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Figure 9. Intraoperative flap events in eyes treated with LASEK at Boston Laser in 2011.Epi flap 360 --
Epithelium flap 360; Epi flap 180 - Epithelium flap 180; OH -- Alcohol. 
The other intraoperative complications were events regarding the excimer 
laser. Traditional treatments do not have IR™ available, thus they were excluded 
from these calculations. Among eyes treated at Boston Laser in 2011 , 37.52% 
(n=236 eyes) eyes treated by Custom LASIK had IR™ or Trak™ Unable and 
10.56% (n=19 eyes) of eyes treated by LASEK had IR™ or Trak™ Unable 
(Figure 1 0). Iris Registration TM and ActiveTrak™ showed no correlation with 
poorer visual outcomes or the need for enhancements in either Custom LASIK or 
Custom LASEK. 
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Figure 10. Percent of eyes treated with Custom LASIK and Custom LASEK with Iris Registration 
and/or ActiveTrak Unable at Boston Laser in 2011. Traditional treatments were excluded from the 
calculation because IRis unavailable when applying the treatment. IR -Iris Registration 
Among eyes treated with LASIK at Boston Laser in 2011, 72% (n=593 
eyes) reported no discomfort or visual abnormalities, 10% (n=80 eyes) reported 
halos around lights, 9% (n=79 eyes) reported dryness, 8% (64 eyes) reported 
blurry vision and 1% (6 eyes) reported haze (Figure 11) •. Eyes experiencing 
postoperative complications that were eventually ameliorated were considered 
free of any discomfort or visual abnormalities. These results were taken from 
notes taken during postoperative visits. 
It should be noted that some eyes reported multiple complaints, so the total number of eyes 
experiencing postoperative complications does not correlate with the total number of eyes treated 
in 2011 . 
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LASIK Postoperative Complications at Boston 
Laser in 2011 
Blurry vision 
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Figure 11. Distribution of postoperative complications in eyes treated with LASIK at Boston Laser in 
2011. 
Surveys were administered to gauge the patients' postoperative 
experiences divided by age groups. Of the 24 patients 39 years of age and 
younger who were treated with LASIK who responded to the survey, 95.83% 
(n=23 patients) felt the procedure met or surpassed their expectations, 100% 
(n=24 patients) would recommend LASIK to a friend or family member, 95.83% 
(n=23 patients) do not use glasses or contact lenses, and 37.50% (n=9 patients) 
were able to resume normal activities the following day, 37.50% (n=9 patients) 
were able to resume normal activities between 2-5 days and 25.00% (n=8 
patients) took more than 5 days to resume normal activities. In terms of 
postoperative visual complications, prevalence of pain, dryness, halos during the 
day, halos during the night and difficulty driving were examined (Figure 12). Of 
the patients who responded to the surveys, 66.67% (n=16 patients) did not 
experience pain, and 33.33% (n=8 patients) had pain, but it resolved. In terms of 
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dryness, 8.33% (n=2 patients) did not experience any dryness, 62.50% (n=15 
patients) experienced dryness, but it resolved, 25.00% (n=6 patients) 
experienced dryness and it is seldom problematic and 4.17% (n=1 patient) still 
experiences dryness, but it is being treated. In terms of halos during the day, 
70.83% (n=17 patients) did not experience any, 20.83% (n=5 patients) 
experienced them, but they resolved, and 8.33% (2 patients) report halos during 
the day but they are seldom problematic. In terms of halos during the night, 
37.50% (n=9 patients) did not experience them, 41 .67% (n=10 patients) had 
them but they are resolved now, 16.66% (n=4 patients) report halos at night that 
are seldom problematic and 4.17% (n=1 patient) has unresolved halos at night 
and is being treated. 
Postoperative LASIK Visual Complaints from 
Survey: 39 years and younger 
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Figure 12. Postoperative visual complaints from LASIK patients 39 years and younger at Boston 
Laser in 2011 (n=24 patients). 
Of the 37 patients 40 years of age and older who were treated with LASIK 
who responded to the survey, 89.19% (n=33 patients) felt the procedure met or 
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surpassed their expectations, 97.30% (n=36 patients) would recommend LASIK 
to a friend or family member, 91 .67% (n=34 patients) do not use glasses or 
contact lenses, and 54.05% (n=20 patients) were able to resume normal 
activities the following day, 32.43% (n=12 patients) were able to resume normal 
activities between 2-5 days and 13.51% (n=5 patients) took more than 5 days to 
resume normal activities. In terms of monovision, 44.44% (n=16 patients) said 
monovision was not offered to them, 13.89% (n=5 patients) said monovision was 
offered to them, but they chose against it, 36.11% (n=13 patients) were offered 
monovision and they are happy with it, and 5.56% (n=2 patients) chose 
monovision but are unhappy with the results . Of the patients who responded to 
the surveys, 72.97% (n=28 patients) did not experience pain , and 27.03% (n=9 
patients) had pain , but it resolved (Figure 13). In terms of dryness, 32.43% (n=12 
patients) did not experience any dryness, 32.43% (n=12 patients) experienced 
dryness, but it resolved, 27.03% (n=10 patients) experienced dryness and it is 
seldom problematic, 8.11% (n=3 patients) still experiences dryness, but it is 
being treated, and 2.70% (n=1 patient) have unresolved , untreated dryness 
issues. 
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Figure 13. Postoperative visual complaints from LASIK patients 40 years and older at Boston Laser in 
ZOll (n=37 patients) 
Among eyes treated with LASEK at Boston Laser in 2011, 68% (n=142 
eyes) experienced no complications, 17% (n=36 eyes) experienced blurry vision, 
9% (n=19 eyes) experienced dryness, 4% (n=8 eyes) reported halo and/or haze, 
and 2% (n=3 eyes) reported a foreign body sensation (Figure 14). These results 
were taken from notes taken during postoperative visits. 
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Postoperative Complications in LASEK at Boston 
Laser in 2011 
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Figure 14. Postoperative complications in eyes treated with LASEK at Boston Laser in 2011. 
Of the 14 patients 39 years of age and younger treated with LASEK who 
responded to the survey, 100% (n=11 patients) felt the procedure met or 
surpassed their expectations, 100% (n=14 patients) would recommend LASEK to 
a friend or family member, 100% (n=14 patients) do not use glasses or contact 
lenses, and 7.14% (n=1 patient) was able to resume normal activities the 
following day, 42.86% (n=6 patients) were able to resume normal activities 
between 2-5 days and 50.00% (n=7 patients) took more than 5 days to resume 
normal activities: Of the patients who responded to the surveys, 71 .43% (n=1 0 
patients) did not experience pain, 7.14% (n=1 patient) had pain, but it resolved, 
and 14.29% (n=2 patients) experienced pain, but it's seldom problematic. In 
terms of dryness, 50.00% (n=7 patients) did not experience any dryness, 35.71% 
(n=5 patients) experienced dryness, but it resolved, and 7.14% (n=1 patient) 
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experienced dryness and it is seldom problematic. In terms of halos during the 
day, 85.71% (n=12 patients) experienced no problems, 7.14% (n=1 patient) had 
issues with halos during the day, but they resolved , and 7.14% (n=1 patient) 
have issues with halos during the day, but it is seldom problematic. In terms of 
halos at night, 57.14% (n=8 patients) experienced no problems, 14.29% (n=2 
patients) had issues, but they are resolved, 21.43% (n=3 patients) have issues 
with halos at night, but they are seldom problematic. The mean rating on a pain 
scale from 1 to 10 (1 0 being excruciating and 1 being no pain) was 5.21. 
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Figure 15. Postoperative visual complaints from LASEK patients 39 years and younger at Boston 
Laser in 2011 (n=14 patients). 
Of the 13 patients 40 years of age and older who were treated with 
LASEK who responded to the survey, 84.62% (n=11 patients) felt the procedure 
met or surpassed their expectations, 92 .31% (n=12 patients) would recommend 
LASEK to a friend or family member, 84.62% (n=11 patients) do not use glasses 
or contact lenses, and 53.85% (n=7 patients) were able to resume normal 
activities the following day,· 7.69% (n=1 patients) were able to resume normal 
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activities between 2-5 days and 38.46% (n=5 patients) took more than 5 days to 
resume normal activities. In terms of monovision , 23.08% (n=3 patients) said 
monovision was not offered to them, 23.08% (n=3 patients) said monovision was 
offered to them, but they chose against it, and 53.85% (n=7 patients) were 
offered monovision and they are happy with it. Of the patients who responded to 
the surveys, 38.46% (n=5 patients) did not experience pain , 46.15% (n=6 
patients) had pain , but it resolved , and 15.38% (n=2 patients) still have pain , but 
it's seldom problematic (Figure 16). In terms of dryness, 15.38% (n=2 patients) 
did not experience any dryness, 30.77% (n=4 patients) experienced dryness, but 
it resolved , 46.15% (n=6 patients) experienced dryness and it is seldom 
problematic, and 7.69% (n=1 patient) still experiences dryness, but it is being 
treated. In terms of halos during the day, 76.92% (n=1 0 patients) experienced no 
problems, 15.38% (n=2 patients) had issues with halos during the day, but they 
resolved , and 7.69% (n=1 patient) have issues with halos during the day, but it is 
seldom problematic. In terms of halos at night, 53.85% (n=7 patients) 
experienced no problems, 15.38% (n=2 patients) had issues, but they are 
resolved , 30.77% (n=4 patients) have issues with halos at night, but they are 
seldom problematic. The mean rating on the pain scale from 1 to 10 was 2.92. 
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Figure 116. Postoperative visual complaints from LASEK patients 40 years and older at Boston 
Laser in 2011 (n=13 patients). 
Patients who were unhappy with the outcome of the refractive procedure 
can elect to have an enhancement treatment. Of the 1025 eyes that were treated 
with either LASIK or LASEK, 2.24% (n=23 eyes) elected to have an 
enhancement treatment (Figure 17). Table 1 depicts the distribution of various 
characteristics among patients who received an enhancement. 
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Total Enhancement Rate 
Enhancements 
2% 
Figure 17. Total enhancement rate from January to November 2011 (n=1025). Patients who 
received monovision treatment initially and changed their mind were excluded from this graph. 
Table 1.Characteristics of patients who received an enhancement treatment. Patients who 
received monovision treatment initially and changed their minds were excluded from this table. 
Total Procedures 1025 
Enhancements 23 2.24% 
Final dVA of <20/25 16 
Age 39.2 
Ametropia 12 11 
Myopia Hyperopia 
Procedure 17 LASIK 6 LASEK 
Type 18 Custom 5 Traditional 
Eye 10 OS 13 00 
Pupil Size 5.6mm 
Sphere -1.61 20 <-6.000 3 >-6.000 
Cylinder -1 .67 3 <-1 .750 
MMC 6 EK all had MMC 
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4. DISCUSSION 
The percentage of subjects progressing to an UDVA of 20/20 or better, 
20/25 or better and 20/40 or better was significantly higher in patients receiving 
Custom LASIK vs. Custom LASEK. Although the mean age, pupil size and mean 
preoperative cylindrical correction were all relatively similar, the mean 
preoperative spherical correction was higher in patients receiving Custom LASEK 
vs. Custom LASIK. This difference could reflect the evaluating ophthalmologist's 
preference in recommending a procedure; however, the best-uncorrected 
distance vision was significantly better in myopic patients who received Custom 
LASIK instead of Custom LASEK. Future studies should be completed with 
relatively similar sample sizes to increase the accuracy of the LASEK data and to 
generate a more equal comparison of the two refractive procedures. 
Within Custom LASEK, more patients reported an UDVA of 20/25 or better 
who were not exposed to MMC than patients who were exposed to MMC. 
Furthermore, prevalence of corneal haze and other visual abnormalities were not 
higher in patients not exposed to MMC. This significant discrepancy, although 
most likely a contributing factor in the evaluation of candidacy, may be the 
reason for the poorer results among patients exposed to MMC. Because MMC is 
only applied after a certain ablation depth , it's likely the reduced number of 
patients seeing 20/25 or better with MMC is due to the magnitude of the 
ametropia and not the application of MMC. The visual results of MMC exposure 
should be studied carefully to reinforce the prevailing theories on its benefits. 
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Within hyperopic patients who were treated with Traditional LASIK, the 
percentage of patients developing 20/20 vision or better, 20/25 or better and 
20/40 or better were significantly lower than myopic patients treated with Custom 
LASIK. This corroborates existing theories about the reduced potential outcomes 
of hyperopic patients when compared to comparable myopic treatments4 . These 
outcomes are supported by statistically significant characteristic data. For 
instance, the mean age of hyperopic patients treated with Traditional LASIK was 
49 versus myopic Custom LASIK patients' mean of 33. The mean pupil size was 
5.2 mm and the mean preoperative cylindrical correction was an entire diopter 
higher in hyperopic Traditional LASIK patients. The elevated mean age, 
decreased pupil size and preoperative manifest cylinder of hyperopic patients 
treated with Traditional LASIK suggests patients with these characteristics should 
be weary of potential outcomes. Although many other factors not included in this 
study could influence the visual outcome of refractive treatment of hyperopes, 
these data suggest hyperopic patients are less likely to achieve the typical aim of 
20/20. Again, the sample size was not large enough to be extrapolated to 
population studies; however more studies should be administered with a similar 
format as this one to determine whether any preoperative data from hyperopic 
patients can help increase the predictability of the potential visual outcomes. 
Among the myopic patients with a preoperative spherical correction up to -
6.00 D, a significantly higher percentage of patients reached a final UDVA of 
20/20 or better, 20/25 or better and 20/40 or better after being treated with 
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Custom LASIK instead of Custom LASEK. The difference between the two 
procedures was largest among patients who ended up with a final UDVA of 20/20 
or better. Although other factors, such as corneal thickness, may have also 
influenced the results, this data suggests that patients who are low or moderately 
myopic have a significantly higher probability of reaching 20/20 or better if they 
are treated with Custom LASIK instead of Custom LASEK. The number of 
subjects treated with Custom LASEK was dramatically lower, thus future studies 
should compare results with a more similar sample size. 
Among the myopic patients with a preoperative spherical correction greater 
than -6.00 D, a significantly higher percentage of patients reached a final UDVA 
of 20/20 or better, 20/25 or better and 20/40 or better after being treated with 
Custom LASIK instead of Custom LASEK. Again , the difference between the two 
procedures was largest among patients who ended up with a final UDVA of 20/20 
or better. In fact, the difference between the percentage of patients who achieved 
a final UDVA of 20/20 or better was almost 25% higher in patients receiving 
Custom LASIK vs. Custom LASEK. This data suggests that patients who are 
highly myopic have a significantly higher probability of reaching 20/20 or better if 
they are treated with Custom LASIK instead of Custom LASEK. Furthermore, 
future studies should be conducted on determining the correlation of magnitude 
of preoperative refraction with successful outcomes because the percentage of 
patients who achieved 20/40 or better was comparable to other groups' 
outcomes. Thus, assuming no other comorbidity or risk factors exist, patients 
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with high myopia who elect laser vision correction by Custom LASIK are not at 
risk of a poorer visual outcome than patients with low or moderate myopia. The 
number of subjects treated with high myopia was not large enough at this 
respective clinic in 2011, thus future studies should investigate similar criteria 
with a larger sample size to corroborate these findings . 
The mean pupil size of the different groups was within a standard deviation 
(5 .7 ±0.22 mm) of the total mean pupil size , except for hyperopic eyes, and eyes 
receiving MV treatment. This statistically significant decrease in mean pupil size 
could be correlated with age, because the average age was also significantly 
higher in these two groups when compared to the other groups. Studies 
conducted in the future should analyze the effects of age and ametropia on pupil 
size. 
The majority of patients receiving LASIK treatment (94% of eyes) did not 
have any intraoperative flap events. Bubbles appearing in the anterior chamber 
(2%), vertical bubbles block (1 %) and opaque bubbles (1 %) accounted for 4%. 
None of these complications , however, were found to correlate with poor visual 
outcomes and/or the need for enhancement. Epithelial defect (1 %) and flap tear 
(1 %) accounted for the remaining 2%, but these intraoperative complications also 
did not suggest any correlation with poor visual outcomes and/or the need for 
enhancement. Future studies should examine preoperative correlations with 
these complications to increase calculability of intraoperative flap events. 
Although the data from the subsection within intraoperative complications, 
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excimer events, did not suggest to show a relationship with poorer visual 
outcomes, the safety features exhibited by Iris Registration™ and ActiveTrak™ 
provide the patient and surgeon with a safety net that should be used whenever 
possible. As such, future studies should determine how to increase recognition 
by IR™ and ActiveTrak™. 
According to the survey, LASEK patients 39 years old and younger 
reported a 5.21 out of 10 and LASEK patients 40 years old and older reported a 
2.92 out of 10 on the pain scale. Although the sample size of the surveys was too 
small , the significantly different pain ratings suggest younger patients experience 
more pain during and after LASEK than older patients. Future studies should 
examine whether this trend manifests itself in the population at large. 
Of all the intraoperative complications and postoperative complaints among 
patients requiring enhancements, patients reporting "blurry vision" were by far the 
most common (n=6 eyes). This result was expected , as reduced visual acuity is 
one of the few requirements to qualify a patient for an enhancement treatment. 
No correlation could be found between intraoperative complications (both flap 
events and excimer events) and the need for enhancements. One patient had an 
IR™ Unable and all of the LASEK patients requiring enhancements had epi flaps 
(5 epi flap 360's and 1 epi flap 180). Interestingly, all the LASEK patients who 
required an enhancement were exposed to MMC during their original procedure. 
Coupled with the lower UDVA's of 20/20 or better found in patients exposed to 
MMC, these findings also suggest that future studies should be conducted to 
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analyze the possible modification of the treatment nomogram in patients 
receiving MMC exposure after LASEK. Also, because the mean age and the 
mean preoperative cylindrical correction were higher than other relative means, 
these data suggest older patients with higher than average preoperative 
cylindrical refractions are more likely to require an enhancement. 
No trends were seen in terms of the need for an enhancement when 
considering ametropia, procedure type, pupil size, age, preoperative spherical 
correction , preoperative cylindrical correction , Custom vs. Traditional treatment, 
and difference between theoretical and actual flap . 
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